デンリョク キキ セツビ ゼツエン レッカ シンダン ノ タメ ノ デンジハ センシング システム ノ カイハツ by Kawada, Masatake
???????????????? 
??????????????? 
 
??? ?? 1 
 
Development of Remote Sensing System using Electromagnetic Waves 
 for Insulation Diagnosis of Electric Power Apparatus and Facilities 
 
by 
Masatake KAWADA 
 
Partial discharge (PD) is a symptom of the insulation degradation of the electric power apparatus and 
facilities. In this study a new method was developed for finding the direction of arrival (DOA) of the 
electromagnetic waves emitted from PD using Bayesian Network. The time delay between two antennas 
computed from digital data generally has error because of the effect of sampling time. Therefore the angle 
of arrival estimated from the time delay also has the estimation error. The probabilistic method of 
reasoning with uncertain information was investigated. This method provides the probabilities of each 
angle based on Bayes’ Theorem. The proposed method is able to estimate the angle of arrival of the 
electromagnetic waves. 
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Table 1.? Conditional probability table. 
P(y1|x1) P(y2|x1) ??? P(yn|x1) 
P(y1|x2) P(y2|x2) ??? P(yn|x2) 
? ?  ? 
P(y1|xm) P(y2|xm) ??? P(yn|xm) 
Node Y={y1,y2,…,yn}, all of its parents X={ x1,x2,…,xm }. 
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Fig. 1.? Bayesian Network. 
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Fig. 2.? Configuration of Bayesian Network. 
 
 
 
? 3? ???? 
Fig. 3.? Estimation procedure. 
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Fig. 4.? Antennas setting location. 
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Table 3.? Conditional probability table: P(T13|Angle) (ch1, node:T13). 
Angle[deg] 0 1 … 68 69 70 71 72 73 74 75 76 
T13(on) 0 0 … 0 0.04396 0.10078 0.20888 0.38470 0.59804 0.78055 0.89519 0.91885
T13(off) 1 1 … 1 0.95604 0.89922 0.79112 0.61530 0.40196 0.21945 0.10481 0.08115
Angle[deg] 77 78 79 80 81 82 83 84 85 … 179 180 
T13(on) 0.91223 0.81057 0.63714 0.41804 0.22664 0.10656 0.04450 0 0 … 0 0 
T13(off) 0.08777 0.18943 0.36286 0.58196 0.77336 0.89344 0.95550 1 1 … 1 1 
T13 means the time delay is Ts(Sampling time)?(3-1) at ch1. 
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Table 4.? Conditional probability table: P(T14|Angle) (ch1, node:T14). 
Angle[deg] 0 1 … 59 60 61 62 63 64 65 66 67 
T14(on) 0 0 … 0 0.03022 0.03136 0.06903 0.14550 0.27751 0.46596 0.66615 0.82119
T14(off) 1 1 … 1 0.96978 0.96864 0.93097 0.85450 0.72249 0.53404 0.33386 0.17881
Angle[deg] 68 69 70 71 72 73 74 75 76 77 … 180 
T14(on) 0.91406 0.91896 0.89922 0.79112 0.61530 0.40196 0.21945 0.10481 0.04462 0 … 0 
T14(off) 0.08594 0.08104 0.10078 0.20888 0.38470 0.59804 0.78055 0.89519 0.95538 1 … 1 
T14 means the time delay is Ts(Sampling time)?(4-1) at ch1. 
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Fig. 5.? Distribution of time delay (ch1?ch2) 
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Fig. 6.? Angle of arrival estimation(SCC). 
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Fig. 7.? Angle of arrival estimation(Threshold value:1.2V).  
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Fig. 8.? Angle of arrival estimation(Proposed 
method). 
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Fig. 9.? Estimation error. 
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Fig. 10.? The circuit of generating partial discharge. 
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Fig. 11.? Experimental environment. 
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Fig. 12.? The received electromagnetic waves at the 
arrival angle 60deg. 
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Fig. 13.? Inference results for the arrival angle. 
 
?????????????? 16???? 55????
770mmHg????(1)? 
? 11??????????????? 60??????
??????????????????????? 12?
??(1)???????????????????????
?????????????????????? 
????????????????????? 0.005V
????????????????? 100???????
??????? 60???? 90????????? PD ?
?????????????????????????
????????? 0.01V?0.02V????????? 13
???????????? 0.01V ?????? 60???
53??90??? 83?????????????????
?? 0.02V ?????? 60??? 61deg?90??? 89?
?????????????????????????? 
(17)???????????????????????
Electromagnetic 
Waves
Needle-Plane 
Electrode
1m
1m
Baseline 1m
0.55m
3m
4cm
Digital Oscilloscope
2.5GS/s
Arrival 
Angle
60deg?? 59.8deg???? 90deg?? 83.3deg????? 
???? 11????????? 2?????????
??????????? 3m???????? 1m ???
?????????? 4????????????2??
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????? 
7.? ???? 
????????????????????????
??????????????????????????
??????????????????????????
???????????? 
(1) ??????????????????????
???????????????SCC?????????
????? 1.06deg????????(2.66deg)?????
???????????????? 
(2) ??????PD ???????????????
????????????? 
?????????????????????????
???????? 2?????????? 2??????
????????????????? 
 
??? ??????? 16?????????????
??????????????????????????
??? 
?????????????????????????
???????????(B) 16760230??????????
??????????????????????????
????? 
 
 
?? ? ? ? 
 
(1) M. Kawada : “Fundamental Study on Locating Partial Discharge Source 
using VHF-UHF Radio Interferometer System”, T. IEE Japan, 
Vol.122-B, No.5, pp.629-636 (2002-5) (in Japanese) 
??????VHF-UHF???????????????????
?????????????? B?122?5?pp.629-636 (2002-5) 
(2) M. Hikita : “Future Trend of Discharge Measurement Technique for 
Diagnosis of Insulation Performance of Electric Power Apparatus”, T. 
IEE Japan, Vol.121-B, No.6, pp.695-698 (2001-6) (in Japanese) 
?????????????????????????????
?????? B?121?6?pp.695-698 (2001-6) 
(3) H. Maekawa, M. Doi, and S. Kawamoto : “Identification for Sources of 
Partial Discharge in Gas Insulated Switchgears”, T. IEE Japan, 
Vol.120-B, No.8/9, pp.1106-1111 (2000-8/9) (in Japanese) 
??????????????????????????????
?????????? B?120?8/9?pp.1106-111 (2000-8/9) 
(4) H. Tsutada, N. Nagata, M. Miyashita, M. Kamei, S. Inoue, K. 
Takashima, T. Usami : “Detection of Partial Discharge Using First Peak 
Height and Cumulative Wave Parameter of Internal Electromagnetic 
Wave in GIS”, T. IEE Japan, Vol.120-B, No.3, pp.333-339 (2000-3) (in 
Japanese) 
?????????????????????????????
????? GIS??????????????????????
???????????? B?120?3?pp.333-339 (2000-3) 
(5) Y. Suzuki, M. Kawada, Z. Kawasaki, K. Matsuura, M. Kawasaki : 
“Location of Partial Discharge by Superimposed Positioning 
Optimization on the Time Delay of Arrival”, T. IEE Japan, Vol.118-B, 
No.2, pp.157-163 (1998-2) (in Japanese) 
??????????????????????????????
???????????????????????????? B?
118?2?pp.157-163 (1998-2) 
(6) Ampol Tungkanawanich, Zen-Ichiro Kawasaki, Kenji Matsuura : 
“Location of Multiple PD Sources on Distribution Lines by Measuring 
Emitted Pulse-Train Electromagnetic Waves”, T. IEE Japan, Vol.120-B, 
No.11, pp.1431-1436 (2000-11) 
(7) Chye Huat Peck, Philip J. Moore: “A Direction-Finding Technique for 
Wide-Band Impulsive Noise Source”, IEEE Trans. on Electromagnetic 
Compatibility, Vol.43, No.2, pp.149-154 (2001-5) 
(8) H. Okubo : “Recent Research Activity and Future Trend of Electrical 
Insulation Diagnostic Technique for Electric Power Apparatus”, T. IEE 
Japan, Vol.119-B, No.4, pp.434-437 (1999-4) (in Japanese) 
????????????????????????????? B?
119?4?pp.434-437 (1999-4) 
(9) ???:??????????????, pp.276-278, ???? (1999) 
(10) Judea Pearl : “Probabilistic Reasoning in Intelligent Systems: Networks 
of Plausible Inference”, Morgan Kaufmann (1988) 
(11) Cassandra, A. R., et al.: “Acting under Uncertainty: Discrete Bayesian 
Models for Mobile-Robot Navigation”, Proc. IEEE/RSJ Int’l Conf. on 
Intelligent Robotics and Systems, pp.963-972 (1996) 
(12) T. Inamura, M. Inaba, and H. Inoue : “Incremental Acquisition of 
Behavior Decision Model based on Interaction between Human and 
Robots”, RSJ Journal, Vol.19, No.8, pp.983-990 (2001-11) (in Japanese) 
??????????????????????????????
???????????????????????19?8?pp.983-990 
(2001-11) 
(13) Jensen, F. V., et al.: “The SACSO methodology for troubleshooting 
complex systems”, Artificial Intelligence for Engineering Design, 
Analysis and Manufacturing (AIEDAM), Vol.15, pp.321-333 (2001) 
(14) ???????????????????????pp.57-76???
????(1975-11)  
(15) Stuart J. Russell, Peter Norvig ?, ???? ??:????????
????? ?????, pp.428, ???? (1997-12) 
 
